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Abstract

The estrogen receptor is a target for therapeutic agents for hormone replacement in menopausal women, osteoporosis,

reproductive cancers such as breast cancer, uterine cancer and prostate cancer. 1,4-Dihydrothieno[30,20:5,6]thiopyrano[4,3-

c]pyrazole-3-carboxylic amide derivatives were designed, synthesized and biological evaluated as potential estrogen receptor

antagonists.
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The estrogen receptor (ER) is a ligand inducible nuclear receptor which play an important role in the reproductive,

cardiovascular and central nervous systems and bone tissue. Particularly, ER is a target for therapeutic agents for

hormone replacement in menopausal women, osteoporosis, reproductive cancers such as breast cancer, uterine cancer

and prostate cancer. The estrogen receptor is found in two subtypes: alpha estrogen receptor (ERa) and beta estrogen

receptor (ERb) [1,2]. The predominant ER in the female reproductive tract and mammary glands is ERa, whereas ERb
is the primary ER in vascular endothelial cells, bone and male prostate tissues [3]. The currently approved antagonists

for the estrogen receptor, tamoxifen and raloxifene, are used for the treatment of hormone-dependent breast cancer and

osteoporosis, respectively. However, both these agents have been linked to increased risks of thromboembolism, and

tamoxifen has been proved to increase the risk of endometrial cancer. Hence, there is a strong need for additional

diversity and new chemical scaffolds to allow for exploration of improved tissue selectivity and fewer side effects.

In order to discover some new estrogen receptor antagonists with novel scaffolds, based on the principles of

bioisosterism, combination of the active substructures of tamoxifen and raloxifene, and structural optimization, a
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novel series of 1,4-dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-carboxylic amide derivatives were designed

with molecular docking program and synthesized.

For this study, the model was obtained from 3D structural information, of which those protein–ligand complexes

are available as PDB files. Based on the obtained hits, 1-(1,4-dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-

carbonyl)-4-(4-trifluoromethoxyphenyl)piperazine (6d) was docked into ERa (PDB code 3ERT), showed in Fig. 1

(left). The missed atoms were completed by SPDB Viewer (GSK SPDB Viewer, Version3.7, Swiss). The compound

was surrounded by several hydrophobic amino acids, in particular Met343, Leu346 and Thr347, lining the so-called

beta face of the ligand-binding domain pocket, Ala350, Asp351, delimiting the alpha one; at the same time, Phe404

defined the bottom wall, while Leu525 formed the side border. The hydrogen-bonding interaction was detected only

between 6d and Arg394 with the hydrogen bond distance of 2.95 Å.

1-(1,4-Dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-carbonyl)-4-(4-trifluoromethoxyphenyl)piperazine

(6d) was docked into the active sites of ERb (PDB code 1QKM) also. The compound was surrounded by several

hydrophobic amino acids, such as Leu298, Met336, Phe356, Ile376 and His475. From Fig. 1 (right) it can be seen that

the distance of hydrogen-bond between donor and acceptor is 3.12 Å.

In general, the target compounds (6a–6e) were obtained in satisfactory yields, and the synthetic pathways are

described in Scheme 1. 3-(Thiophen-2-ylthio)propanoic acid (1) were synthesized from 2-mercaptothiophene as the

first step. Subsequently, the key intermediate ketone 2 has been prepared according to a literature described by

Cagniant and Cagniant [4]. Reaction of 2 with dimethyl oxalate provided 3. And conversion of 3 to 4 was

accomplished by using hydrazine hydrate in acetic acid. Subsequent treatment of the intermediate 4 with sodium

hydroxide and then hydrogen chloride gave 5 in nearly quantitative yield. The target compounds 6 could be obtained in

the presence of 1-arylpiperazine. All of the target compounds were characterized by NMR and MS [5].
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Fig. 1. Docking model of 1-(1,4-dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-carbonyl)-4-(4-trifluoromethoxyphenyl)piperazine (6d) in

the active site of human ERa (left) and ERb (right).



The target compounds 6a–6e were initially assessed for their antiproliferative action using the ER expressing (ER

dependent) MCF-7 human mammary tumor cell line by MTT assay with tamoxifen as the positive control. The

antitumor activities are summarized in Table 1.

Among all the target compounds, the inhibition rate of compound 6d and 6e are better than those of the others,

while the compound 6a with no substituent on the benzene ring and 6b and 6c with substituent on the C2, C3 position

of benzene ring led to a huge decrease in activity which indicates that substituent in the C4 position of benzene ring

plays an important role.

In summary, a novel series of 1,4-dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-carboxylic amide

derivatives are developed as a new class of estrogen receptor antagonists with novel scaffolds. Further efforts

aiming at developing potential estrogen receptor antagonists based on modification of compounds 6a–6e would be

continued in our laboratory.
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Scheme 1. The synthetic route of 1,4-dihydrothieno[30,20:5,6]thiopyrano[4,3-c]pyrazole-3-carboxylic amide derivatives. Condition and reagent: (a)

acrylic acid, THF, Et3N, reflux, 12 h, recrystallized from petroleum ether, yield 80.0%; (b) oxalyl chloride, SnCl4, CH2Cl2, r.t., 0.5 h, recrystallized

from petroleum ether, yield 76.2%; (c) dimethyl oxalate, sodium methoxide, toluene r.t., 24 h, yield 59.0%; (d) 80% hydrazine hydrate, HOAc,

reflux, 12 h, yield 63.2%; (e) NaOH, H2O, reflux, 2 h; (f) HCl, yield 96.6%; (g) 1-arylpiperazine, EDC, HOBT, CH2Cl2, r.t., 24 h, column

chromatography on silica with chloroform and methanol [V(chloroform):V(methanol) = 15:1] as the eluent.

Table 1

The antitumor activities against MCF-7 human mammary tumor cell line.

No. Inhibition rate (%) IC50 (mmol/L)
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6c 26.30
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